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ON HYDRAULIC MACHINERY FOR 
STEERING, REVERSING, AND DISCHARGING CARGO &c. 

IN STEAMSHIPS. 

BY MR. ANDREW BETTS BROWN, OB EDINBURGH. 

The application of Hydraulic Machinery to the various purposes 
requiring power on board steamships (independently of the 
propelling power) is a comparatively recent step; and in the 
writer’s opinion it will be found to have important advantages over 
steam power for such purposes. There is a large amount of work 
of great importance to  be done on board ship, such as loading and 
discharging cargo, hoiating the anchor and sails, warping the ship 
into dock, steering, stoking, discharging ashes &c., for all of which 
hydraulic power is especially deserving of consideration. 

Taking for instance a transatlantic mail steamer carrying 2000 
to 3000 tons of cargo as well as passengers, it is of the utmost 
consequence that having made a fast passage she should be 
expeditiously discharged, and receive her outward freight for 
getting away again immediately. The actual case however is that 
the cargo is discharged by means of four or five noisy steam-winches, 
which though rattling away a t  a piston speed of nearly 1000 feet 
per minute, and consequently involving great wear and tear and cost 
of repairs, are not able to raise the load out of the hold faster than 
about 100 feet per minute. The use of steam winches on board 
ship is also found to be attended with a great objection from the 
constant leakages at  the joints to which the long lines of steam 
pipes are liable, in consequence of their frequent expansion and 
contraction when alternately hot and cold ; and they are also liable 
frequently to be burst by the concussion of condensed water a t  their 
extremities, and in cold climates by the effect of frost. The same 
objections also apply to steam engines for the purposes of steering, 
anchor hoisting, &c. ; and the requirements of the case can only be 
met satisfactorily by the total banishment from shipboard of all 
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steam engines and steam pipes outside the main engine-room, and 
of all toothed gearing and mechanism working a t  high speed. 

In the application of hydraulic power to these purposes, motive 
power in the form of a steam pumping engine must of course be 
used ; but the proper place for such a machine is in the engine room, 
where it can be attended by skilled mechanics. With a constant 
water pressure of 800 lbs. per square inch, pipes of comparatively 
small size suffice to convey the power to the small cylinders and 
rams, which without any purchase gearing are found sufficiently 
powerful and expeditious to meet all the wants in steering the 
ship, reversing the main engines, raising anchor, hoisting cargo, 
discharging ashes, swinging jib, &c.. The following mechanism has 
been designed by the writer to meet the above requirements. 

Steam Accumulator.-The motive power is supplied by a pair of 
ordinary double-acting pumping .engines, shown a t  A A in Fig. 1, 
Plate 1, which are in connection with a Steam Accumulator B. 
This consists of a large steam cylinder 36 inches diameter, fitted 
with a piston C ,  and the piston-rod D forms the ram of a hydraulic 
cylinder E, having 1-15th the area of the steam-cylinder B, so that 
50 lbs. per inch steam pressure gives a water pressure of 750 lbs. 
per inch in the hydraulic cylinder (less the amount of friction). 
Steam is admitted to the top of the accumulator cylinder at F, 
from the ordinary donkey boiler or the main boilers; and the 
pumping engines are supplied by a branch G from the opposite side 
of the cylinder, and force the water from their pumps into the 
hydraulic cylinder at H. The bottom of the accumulator cylinder B 
is open constantly to theexhaust K. When steam is turned on 
to the accumulator, the engines start a t  the same time pumping up 
the hydraulic ram D, and they.continue working until the steam- 
piston rises high enough to close the steam-pipe orifice G. The 
engines then stop j but when water is drawn from the accumulator 
by the action of the hydraulic machinery, the steam-piston descends, 
maintaining the pressure of 750 lbs. per inch upon the water ; at the 
same time by opening the steam-pipe G it starts the engines again, 
and so the accumulator is replenished. 
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The steam-piston of the accumulator is somewhat novel in the 
mode employed for making the hemp packing self-tightening, as 
shown to a larger scale in the section, Fig. 2. The junk ring is in 
one piece with the piston cover J, fitting loosely upon the centre 
boss of the piston; then if the hemp packing is tight, the inside 
and outside of the ring are in equilibrum, and there is therefore 
only a pressure on the annular area of the packing; but if the 
packing leaks more than ‘the slackness of the small boss of the 
piston-end can pass, then the equilibrium is disturbed and the junk 
ring is pressed down and tightens the packing. 

This steam accumulator can be placed either vertically or 
horizontally, as may be most cqpvenient ; and it is usually laid with 
its engines upon the main engine-room floor. The packing of the 
accumulator piston and the hydraulic ram does not require any 
attention during at  least a year’s work; and the engines being 
automatically stopped and started require no attention beyond 
ordinary oiling. Although a water pressure of 700 to 800 Ibs. per 
square inch is usually maintained for working at full power, the 
pressure can be reduced to 200 lbs. by using a lower steam pressure, 
whenever doing exceptionally light work. 

MARINE HYDRAULIC MACHINERY. 

Hydyaulic Reversing Gear.-In Plates 2 and 3 is shown the 
Hydraulic Reversing Gear, which has been applied to  the steamship 
“Mikado” of 3000 tons, and is similar to that in use in the 
“ Cheshire ” and the “ Birkenhead ” ferryboats a t  Liverpool ; these 
latter boats have each two pairs of engines, which are easily 
reversed by one man by means of this hydraulic gear. 

The apparatus consists of two hydraulic single-acting 
cylinders AA, Figs. 3 and 4, having rams 42 inches diameter 
and 19 inches stroke, coupled together and working in opposite 
directions, and connected by side rods B from the boss C to the 
weigh-shaft lever D. In the working of the apparatus, water from 
the accumulator is admitted to either of the cylinders as required, 
by opening the slide-valve E hy means of the reversing handle F, 
which is centred at G, and has a detent rod and quadrant H. The 
other end of the reversing handle F is connected to one end of 
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the short double lever K, the other end of which is moved by a 
connecting rod from a stud joint J on the back of the weigh-shaft 
of the main engines. The slide-valve spindle is attached to the 
double lever K a t  an intermediate point I, as shown also in the plan, 
Fig. 7, Plate 3. 

The efect of this arrangement is that when wat,er is admitted 
into the lower cylinder by a downward movement of the reversing 
handle raising the slide-valve, as shown in Fig. 5, Plate 3, the 
hydraulic rams are then moved in an upward direction, carrying 
with them the weigh-shaft lever D, as shown in Fig. 6,  and 
reversing the engines accordingly; and by the same movement the 
stud joint J upon the weigh-shaft is lowered, and closes the valve 
again, so that the two hydraulic rams are then held fast in whatever 
position they may be placed in. This counteracting cut-off enables 
the engineer a t  once to place the reversing links of the main 
engines a t  any degree of expansion and hold them there, by simply 
moving the reversing lever into the desired posit,ion in its quadrant, 
when the rams will follow at once into that position and stop 
bhere. 

Steam Revershg Gear.-When it is desired to avoid putting 
down a pumping engine and steam accumulator, a modification of 
the above llydraulic reversing gear is used, as in Plates 4 and 5. 
In this apparatus a double-acting steam cylinder A is the 
moving power, and a similar water cylinder B of one eighth 
the area is coupled to it for the purpose of controlling its 
action, and holding the reversing gear locked stationary in any 
position to which it is shifted, by means of the slide-valve C .  The 
water in this cylinder is not under pressure, but simply holds 
the piston stationary when the water is prevented from passing 
from one end of the cylinder to the other by means of the 
slide-valve C,  which closes or  opens the communication between 
the two ends of the water cylinder. This valve is made double, 
with one slide on each side of the central spindle, as shown to 
a larger scale in the section, Fig. 15, Plate 5 ; so that whichever way 
the pressure of the water in the locking cylinder acts when the 
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’valve is closed, one or other of the two slides is always pressed 
tight on its face, and effectually prevents any water from passing. 
This water valve is coupled to the hollow piston-valve D of the 
steam cylinder, shown in section in Fig. 16;  and the two valves 
are moved together by the reversing lever E, which is centred not 
upon a fixed point, but upon an intermediate lever F taking its 
motion from the weigh-shaft lever G of the main engines, as shown 
also in the plan, Fig. 14. The piston rod is connected to the 
weigh-shaft lever G by side rods, and the action of the apparatus is 
similar to that of the hydraulic reversing gear previously described; 
the engineer opens both the steam and water valves by moving the 
reversing handle E, as shown in Fig. 12, and the weigh-shaft 
lerer G then follows this motion, as shown in Fig. 13, and by 
the same movement closes the valves again. 

The drawings show this steam reversing gear as fitted to the 
engines of the steamship “ Macgregor,” of 370 nominal horse 
power; and these engines can be reversed in three seconds by 
means of this apparatus, with a power of only 11 Ibs. a t  the end of 
the reversing handle, which is 2; feet long. The reversing links of 
the engines can be placed a t  any desired degree of expansion by 
putting the reversing handle into the corresponding notch of its 
quadrant, and the hydraulic cylinder then holds them securely in 
that position. 

Hydraulic Steering Cleaj-.- In  the Hydraulic Steering Gear the 
character of the work to be done in moving the rudder from port to 
starboard and the reverse is much the same as in shifting the links 
of the main engine from ahead to astern; and therefore the 
machinery which is effective in the reversing gear suffices also 
for steering. The only additional provisions in hydraulic steering 
gear that are not wanted in reversing gear are :-lst, that the 
power applied to the steering gear should increase in proportion to 
the angle at which the rudder is moved over ; 2nd, that under any 
excessive strain the machinery should give way, allowing the rudder 
then to come amidships, but immediately causing it to return when 
the extra strain is removed; and 3rd, that whilst the hydraulic 
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steering rams and cylinders are placed aft for direct connection to 
the rudder, the valve for controlling them should be placed on the 
bridge and worked there under the eye of the officers of the ship. 

In  Plates 6 and 7 is shown such an arrangement of hydraulic 
steering gear, connected to the rudder post A by the main tiller B, 
which is keyed upon it. The end of the tiller is turned cylindrical 
to allow the sliding block C to slide radially upon it ; and this block 
is connected by trunnions to the hydraulic rams D D working in the 
cylinders E E, Fig. 17, from which separate pipes are carried to the 
admission ports in the slide-valve F that is placed a t  the bridge. 
When the main tiller is moved in either direction towards its 
extreme position, the sliding block runs out upon it, and the 
proportionate extent of motion or the effective leverage of the rams 
is increased, until the power over the rudder becomes doubled when 
the rudder is hard over at 4 5 O  on either side of the midships 
position. This is an exceedingly useful property of the steering 
gear, because in steering with the rudder amidships on long voyages 
the quantity of water used is proportionately reduced. A wire cord 
is carried in each direction from the hydraulic rams to a quadrant G, 
Fig. 17, so that any motion taking place in the rudder post 
communicates a similar motion to the quadrant. The object of this 
quadrant is to effect an automatic cut-off by the slide-valve F ; and 
also to show by means of an indicator on deck the exact position 
of the rudder at  all times. 

The steering valve F is shown in section to a larger scale in 
Fig. 20, Plate 7 ;  it is three-ported, the two end ports J J leading 
through the pipes to the hydraulic cylinders astern, while the centre 
port is the exhaust; the water from the accumulator enters the 
valve-chest by the port H. Relief valves K K  are provided in 
connection with each hydraulic steering cylinder, for the purpose of 
relieving the rudder from any excessive strain in the event of a 
heavy sea striking it. These relief valves remain shut, so long as 
the strain on the rudder and the hydraulic rams is less than that 
due to the pressure of about 700 lbs. per square inch acting on the 
area of the rams ; but the moment any strain on the rudder exceeds 
this pressure by about 80 lbs. per inch, the valves open internally, 
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and allow the water to flow back into the accumulator, driving the 
accumulator piston up against a steam cushion. In this way 
through the rams of the steering gear the rudder is practically held 
in position a t  all times by an elastic pressure of steam. 

The self-closing action of the slide-valve is very similar to that in 
the hydraulic reversing gear. The steering tiller L, Fig. 18, is fixed 
upon the shaft N which passes down from the bridge to the valve F 
on the main deck, terminating in a crank at the bottom. This 
crank by a pin and connecting link works one end of a lever I, 
Fig. 17, the other end of which is attached by a similar connecting 
link to a crank pin in the quadrant G ;  and to the middle of this 
lever I is jointed the slide-valve spindle. If the valve is opened by 
moving the steering tiller L and the lever I, water is a t  once 
admitted to one of the steering cylinders and exhausted from the 
other, causing the rams to move the rudder. But as the 
quadrant G receives motion from the rams by the wire cord, and 
therefore moves through precisely the same angles as the rudder, 
its crank pin is carried in the opposite direction to the crank on the 
shaft N, and the slide-valve is by that means shut again; and any 
further movement of the steering tiller L will produce further 
motion in the rams, with a corresponding counteracting motion of 
the quadrant. The slide-valve is also opened immediately by the 
quadrant whenever the rudder is driven amidships by the excessive 
strain of a heavy sea, and it thus gives a double relief to the water 
a t  that moment; but the quadrant closes the valve again on the 
rudder returning to the position from which it was disturbed. The 
shaft N of the steering tiller has a tubular casing, which is fixed to 
the quadrant below and is carried up to the top of the steering 
pedestal; and a pointer P is keyed upon it, which travels over a 
graduated arc and indicates the position of the rudder, as shown in 
the plan, Fig. 19. In this way any angle a t  which the steering 
tiller L is placed will be followed by a corresponding angular 
position of the rudder, and this is shown at once by the small 
pointer P. 

The working of this apparatus is perfectly smooth and noiseless, 
in consequence principally of the circumstance that not a single 
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cog wheel is employed. Also the slide-valve required is so small, 
that with the steering tiller of 3 feet length in the ferryboat 
“Birkenhead” it is found so little power is required to move it 
that a boy could easily steer. An exactly similar valve, with pipes 
only $ inch diameter, sufficed to steer the steamship “Mikado” 
of 3000 tons and nearly 400 feet length, putting the rudder over 
from amidships to hard aport or starboard in 16 seconds. 

Eyolrazclic Hoist.-The hydraulic machinery for discharging 
cargo is of two kinds ; namely hoists which reciprocate only, and 
those which have a continuous rotary motion. The first is the least 
expensive, the simplest, and the most efficient and durable; it is 
shown in Figs. 21 and 22, Plate 8, and consists of a hydraulic 
cylinder having a ram A, which carries the movable pulleys B on a 
crosshead, and the cylinder end has a similar arrangement of fixed 
pulleys C .  A chain passes to and fro round the two sets of pulleys 
in the order of “block and tackle,” one end being fixed to the 
cylinder and the other end passing over a jib into the hold. This 
hoist is well known as that invented and largely introduced ashore 
by Sir William Armstrong, with the most perfect success. It will 
noiselessly raise loads any height a t  a speed of 5 feet per second, 
and stops by self-acting arrangement when a t  the extremity of its 
range; and it is such a durable arrangement that many examples are 
to be found in the London docks which have been at  work from ten 
to twenty years without repair except renewal of chains, though 
constantly discharging goods a t  this  high speed. In the hydraulic 
hoist as shown in Plate 8 the slide-valve D is moved by the lever E, 
which has a balance weight at  the outer end ; and a rope F attached 
to the lever passes over a pulley and down into the hold of the ship, 
having a t  its end another equal balance weight. By this means the 
hoist can be set in motion from any deck by pulling the rope, thus 
dispensing with a special attendant for the hoist; and by a tappet 
on the cut-off rod G it is made self-stopping when a t  its highest 
point. 

Hydraulic Wimch.-The rotary kind of hoist is shown in 
Plates 9 and 10. Two winding barrels A A with their breaks are 
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mounted in the frames BB, Fig. 23, the outer ends of their shafts 
having warping ends C C keyed on. The winch is driven by the 
rams, 3$ inches diameter, of three oscillating hydraulic cylinders D, 
which act upon the same crank pin, Fig. 24; and they receive and 
exhaust their water through the trunnions by means of partially 
balanced cylindrical slide-valves E, shown in section in Figs. 25 
to 27, the casing of which remains stationary, whilst the cylindrical 
valve or  plug E moves with the oscillation of the cylinder. When 
this hoist is required to discharge light cargo, such as tea, 
grain, &c., four ropes can be worked out of one hold, the engines 
constantly running at 30 revolutions per minute j and with barrels 
and warping ends of 2 feet diameter a discharging speed of 187 feet 
per minute is obtained. 

For the purpose of adapting the power of the winch to suit 
great differences of load, an arrangement is made for readily 
changing the throw of the crank whilst at  work. The crank pin is 
fixed in two discs F, which are placed eccentrically to the axis of 
the winch; and each of these discs revolves wit,hin a recessed 
face-plate fixed upon the winch-shaft, and is connected to it by a 
sliding bolt I, Fig. 23. A series of corresponding holes for the 
bolts are provided in the two discs E', for securing them by the 
bolts in different positions ; the two bolts are withdrawn together 
by a lever, and then pushed in again by spiral springs. For the 
lightest load the hydraulic engine is set at 6 inches stroke; and 
when the full 2 ton load is to be raised, the sliding bolts are 
withdrawn and the eccentric discs allowed to revolve into the 
position giving the greatest throw of the crank pin, and the bolts 
are then allowed to drop into the holes. The engine is then a t  
a stroke of 18 inches, and there are three other intermediate 
positions of 9 to 12 and 15 inches stroke for proportionate loads.. 
In this way the quantity of water used is made to approximate to 
the work done ; and as the stroke can be altered whilst the engine 
is running, no time is lost. 

When raising the heavy loads the engine does not exceed & speed 
of 20 revolutions per minute, which certainly does not involve any 
material wear and tear. Gearing is entirely dispensed with in this 
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hydraulic winch, in consequence of the high pressure of water used, 
which gives a moving force of 3 tons upon each of the three rams 
acting on a crank of 9 inches radius j and this gives suficient driving 
power when attached directly to the winding barrel. Also the 
entire absence of the noise and vibration so usual where gearing 
and quick-running steam engines are employed is not the least 
of the advantages in the hydraulic winch. 

Hydraulic Swinging Gear for Jibs.-In connection with either of 
these hoists the arrangement shown in Fig. 28, Plate 11, is used for 
swinging the jibs that are suspended from the mast for putting 
cargo over the side of a vessel. A pair of small hydraulic cylinders 
and rams A are attached one on each side of the mast B on deck, 
each ram carrying a pulley C ,  round which a chain is passed, and 
its end fastened to the cylinder with provision for tightening a t  D. 
This chain passes round and is fixed to a pulley E upon the base of 
the swinging jib F, and serves to move the jib round by the action 
of either cylinder alternately. The slide-valve G admits water to 
either cylinder, and is moved by a lever H, which is centred a t  the 
bottom of the joint-pin of the jib. The valve is thus opened by the 
attendant moving the lever to any position in its quadrant, while 
the actual swinging of the jib shuts it again, in the same manner as 
in the valve gear of the reversing or the steering apparatus. By 
having adjustable stops in the quadrant, the jib can always be 
swung by power exactly plumb over the centre of the hold of any 
craft alongside. 

In  all the above plans of hydraulic machinery, the pumping 
engines, steam accumulator, and tank are all placed in the 
engine room. The tank is charged with water mixed with 
methylated spirit to the strength sufficient for resisting frost ; or 
other fluids me employed, of which there are several suitable for 
the purpose. The fluid is led along a pressure main from the winch 
furthest aft to the hydraulic engine on the capstan, with branches 
aud stop-valves connecting the different hydraulic machines ; and it 
is returned again by an exhaust main into the tank, which is closed 
water-tight to prevent evaporation, one charge of fluid being thus 
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worked continuously. The pressure mains are of wrought iron, 
put together with right-and-left-handed screwed coupling boxes ; 
one pipe is coned and the other faced flat a t  the end, so that the 
joint is drawn together metal and metal without any packing, as 
shown half full size in the section, Fig. 29, Plate 11. 

The hydraulic reversing gear is attached to the main engine 
frame, with the reversing handle a t  a convenient height from the 
starting platform. The hydraulic steering cylinders are placed aft, 
and connected by wrought-iron pipes with the slide-valve ; and the 
steering tiller is placed amidships, or on the bridge. The hydraulic 
winches are usually placed on the main deck; and in the reciprocating 
hoist, the hydraulic rams work through the spar deck. 

The advantages of this system of hydraulic machinery on board 
ship may be stated as follows :- 

1st. The motive power is placed in the main engine room, 
is automatically started and stopped, and is kept under the care 
of a skilled attendant. 

No steam pipes are carried beyond the main engine room; 
thus avoiding the heating of decks, and leaking joints from steam 
pipes carried along the ship, and blowing-through of condensed 
water from steam winches on deck. 

A comparatively great speed is obtained in thc performance 
of the various work in discharging cargo, steering, reversing, &c. ; 
and this speed is obtained without any gearing, and without the 
attendant noise and vibration, and consequently with little wear and 
tear of machinery. 

2nd. 

3rd. 

Mr. D. HALPIN enquired, in reference to the arrangement of 
hydraulic steering gear described in the paper, how an increase 
of power was obtained in moving the rudder over to either side 
from its centre position. 

 at UNIV OF VIRGINIA on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


MARINE HYDRAULIC MACHINERY. 44 

Mr. BROWN replied that, as the connection of the rams to the 
main tiller was made by means of a block sliding longitudinally 
upon the tiller, the relative motion of the rams, which was equal 
to that of the tiller when the rudder was in its centre position, 
increased gradually in moving the rudder over to either side, until 
in the extreme positions of the rudder at  4 5 O  on either side of the 
centre the motion of the rams became doubfe that of the tiller; 
and consequently the power of the rams over the rudder at  either 
end of its range was double of their power over it when in 
midships. 

In reference to the drawing shown of the steam accumulator, 
he wished to remark that this was intended to illustrate the general 
arrangement employed; and the exact size would be determined 
by the actual requirements of the hydraulic machinery to be worked 
by the accumulator in any particular instance. 

Mr. B. WALKER thought that hydraulic power on board ships 
would be very useful, and that the hydraulic steering gear described 
in the paper would answer its purpose well, and would be found 
very handy and advantageous ; it certainly was a highly important 
step accomplished that by this means the steering of a large ship 
could be performed by only a boy’s power. A hydraulic winch 
however, such as that shown in the drawings, he considered would 
take much more coal to work it than if it  were driven direct by 
steam power. Some years ago he had had an opportunity of 
practically testing this question by taking th0 gearing off an ordinary 
foundry crane, and applying the same belt which had driven the 
gearing t o  drive a pair of pumps for charging an accumulator to 
work the crane by hydraulic pressure; the result was that, in raising 
a load a t  the same speed and through the same distance, and 
with the same speed of the driving belt, the hydraulic power 
would not lift more than half the weight which had previously 
been lifted by the gearing. He considered therefore that if 
three steam cylinders were employed, in place of the three rams 
of the hydraulic winch now described, the result would be 
obtained with half the consumption of coal, and with the same 
advantage of dispensing with gearing. For discharging cargo 
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from ships, Sir William Armstrong’s hydraulic hoist shown in the 
drawing appeared to him far preferable to the hydraulic winch; 
and although he had found all hydraulic apparatus entailed double 
the consumption of coal as compared with steam power, yet the 
rapidity of hoisting that was obtained by the hydraulic ram and 
multiplying chain pulleys was so great, and the facility of working 
so important, that he considered the loss of fuel was in many cases 
more than compensated by these advantages. In a foundry too 
there was a great advantage in the use of hydraulic power in the 
moulding shops, on account of its doing away with the disturbing 
noise and vibration of gearing, which interfered seriously with the- 
work of the moulders. He concurred with the remarks made in 
the paper about the rattling of the gearing in ordinary steam 
winches, and the liability of the steam pipes to leak; but it must 
be remembered that a great deal of the rattling arose from the 
machines not being well constructed, and that, while it was true the 
steam pipes were apt to leak, hydraulic pipes would leak too if the 
joints were not well made. 

Mr. BROWN said in comparing the steam and hydraulic winches 
the former must be taken in the condition in wbich they actually 
existed upon shipboard, and not as they ought to be. An ordinary 
steam winch, with link motion indifferently fitted, with its valves 
and pistons leaking, placed in the hands of a common seaman, 
would not work nearly so economically as the hydraulic winch. 
Moreover when steam was applied direct to a winch, it would run 
off whenever the load was suddenly removed, but this was not the 
case with a hydraulic machine; when lifting a load of 2 tons with 
the hydraulic winch he had suddenly disengaged the clutch, but the 
winch did not run off. As to the joints of steam pipes being easily 
made tight and those of hydraulic pipes not being easily made 
tight, hie own experience was decidedly in favour of hydraulic 
pipes ; every time the steam pressure rose and fell the steam pipes 
were more or less in motion, and however tight the joints were 
made in the first instance they were sure sooner or later to begin 
leaking. Steam pipes were indeed a decided nuisance in almost 
any situation, but particularly on board ship, where they had 
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frequently been taken out from below the decks, and placed upon 
the decks in boxes, so as to allow of more readily getting a t  tlie 
joints, because they could not be kept tight. In hydraulic pipes on 
the contrary a joint once made tight remained tight; indeed it 
rusted up and could not be undone again without difficulty. The 
consumption of coal with the hgdraulic winch he had not tested by 
a dynamometer, because in this application of power the question of 
economy of fuel was not considered by shipowners as of any 
importance whatever in comparison with the great advantage of 
getting rid of leakage and consequent risk of damage to the cargo. 
From the bad state of repair in which steam winches were generally 
kept, with no one to look after them, he could safely say they were 
anything but economical machines. The revolving engine with 
three rams had been successfully introduced by Sir William 
Armstrong for working capstans on shore; and in the hydraulic 
winch described in the paper the same practice had simply been 
adopted with a view to its introduction on board ships. 

Mr. R. H. TWEDDELL observed that an instance of the relative 
economy of steam and hydraulic power was afforded by tlie 
application of each to riveting, which he thought was a parallel 
case to that of the winch. With a hydraulic riveter he had used 
only a small boiler heated by the waste heat from the rivet-heating 
furnace, which raised steam considerably more than sufficient to 
work the pumps for charging the accumulator j and he was sure no 
steam-riveting machine with the same quantity of steam could have 
done the same quantity of work. This he considered sufficient proof 
that there was no loss but a decided economy in transmitting power 
by water pressure; for the question was merely one of the 
transmission of power, whether gearing were used, or steam pipes, 
or an accumulator. The plan of loading the accumulator by steam 
pressure on a piston seemed to him not so good for general 
application as the use of a dead weight, although he knew the 
difficulties attending the employment of the latter on board ship, on 
account of the heavy weight required to be carried for the purpose. 
In the steam accumulator the water pressure might be liable to fkll 
200 or 300 Ibs. per square inch below the proper amount, owing to 
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fluctuations in the boiler pressure, which would be a serious objection 
for work requiring a constant definite pressure; means might 
however be provided for regulating the pressure, and where there 
was an ample surplus of pressure the fluctuations would not matter. 
The application of hydraulic power to a winch, by means of three 
oscillating cylinders, appeared to him capable of improvement ; and 
he thought the three-cylinder engine of Brotherhood with trunks and 
internal connecting-rods was a superior arrangement. As regarded 
the relative advantage however of the hydraulic winch and the 
hydraulic hoist shown in the drawings, it must be borne in mind 
that in the latter there was a greater loss of power, owing to the 
friction being multiplied very largely by the chain passing so many 
times round the pulleys. The advantages of using hydraulic power 
to perform work on board ship he considered were just as great as 
in its application for large works on land, where it would be 
attended with a very important economy of fuel, as he had 
endeavoured to show in the paper he had read upon that subject a t  
a previous meeting (see Proceedings Inst. M. E. 1872 page 188). 

Mr. F. W. WEBB said he had suggested the use of Brotherhood’s 
three-cylinder hydraulic engine as a capstan engine, and he believed 
the first so applied had been put up by himself. He had had one 
of them working five months night and day a t  the Broad Street 
railway station in London, and it appeared now as good as when 
first put to work ; he quite agreed that it was a great 
improvement over other hydraulic engines having stuffing-boxes. 
There was only a single circular disc-valve for the three 
cylinders of the engine; and there were no stuffing-boxes 
either for the cylinders or for the valve-chest, and no packing 
except the leathers of the trunks, which bad lasted already 
without renewal during five months’ constant work night 
and day, and were still in good condition. The machine 
described in the paper he thought would be quite as liable to 
leak as a steam winch, if attended to only by a sailoi*, as on 
shipboard. 

Mr. H. D A ~ E Y  observed that hemp packing was used for the 
pistonof the steam accumulator described in the paper, in connection 
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with the self-acting mode of keeping the packing stearn-tight by the 
pressure of the steam itself; and he enquired what was the reason 
for adopting hemp packing in that instance, and whether the slow 
speed and intermittent action of the piston rendered the hemp 
packing more advantageous than metallic packing ; in other cases 
he believed hemp-packed pistons had been generally superseded by 
the use of metallic packing. The several applications of hydraulic 
power shown in the drawings appeared to him to be thoroughly 
satisfactory, with the exception only of the hydraulic winch. The 
application of water pressure to all purposes connected with the 
loading and discharging of the cargo of ships was a very advantageous 
one, though there seemed to be little new in the construction of the 
lifting or swinging gear in the drawing shown of Sir William 
Armstrong’s well-known hoist as arranged for use on board ship. 
With reference to the hydraulic winch, he agreed in the opinion that 
a winch of that construction would use a great deal more steam to 
do a certain amount of work than an ordinary steam winch working 
expansively; for the hydraulic winch was worked by a constant 
pressure of water supplied from the accumulator, and there was no 
expansive working ; and the only provision for varying the 
consumption of water to suit the weight of the load was by 
changing the throw of the crank in the manner described in the 
paper. This however could not he supposed be done while the 
winch was working, and it would have t o  be brought to  rest for.the 
purpose, which would take 80 much time that in discharging cargo 
the man working the winch would not stop it to make the change, 
but would work it constantly with the same throw of the crank and 
consequently with a uniform consumption of water, irrespective of 
the varying loads lifted. He had constructed hydraulic capstans 
with three radial cylinders, in which the cylinders were in three 
different horizontal planes, working upon a single crank instead of 
upon a three-throw crank, and the crank shaft was placed vertically 
instead of horizontally. But he had found that, in order to prevent 
leakage under the high pressure of water employed, the rams had to 
be packed very tight, and their power was 60 small and their speed 
so high that the friction was very much greater than in the direct- 
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acting hydraplic hoist, he believed as much as three or four times 
greater for the same amount of work done. Instead of the three 
rams acting upon three cranks a t  equal angles of 120°, which had 
been adopted by Sir William Armstrong for the first hydraulic 
capstans, experience had now led, he believed, to the almost 
universal substitution of a pair of double-acting cylinders working 
cranks at  right angles, and fitted with combined pistons and rams, 
the rams being half the area of the pistons, and the accumulator 
pressure being maintained constantly upon the annular area in front 
of the pistons, so as to equalise the power in each stroke. This 
plan, which had now been adopted a t  most of the recent dock 
works, had been found far preferable, he understood, giving a better 
and steadier motion than had been obtained in the original plan 
with the three single-acting rams placed at  equal angles. 

The use of circular disc-valves, for admitting the water pressure 
through the trunnions of oscillating hydraulic cylinders, or for 
any other application where they would have to work under a 
considerable pressure, would he thought be attended with much 
difficulty ; that kind of valve had been tried frequently for steam 
engines, especially for oscillating cylinders, but had not been found 
to answer under high pressures, on account of the outer part of 
the valve face wearing faster than the centre portion, so that t h e  
valve began to leak ; and this objection would be still more serious 
under the much higher pressures used with hydraulic power. For 
hydraulic capstan engines an ordinary rectilinear slide-valve was 
used by Sir William Armstrong, but great difficulty was experienced 
even with this, in consequence o f  the rapid wear under the high 
pressures employed. The valves indeed he considered were a t  present 
the most troublesome part of hydraulic machines working under 
high pressures ; and though he had tried various means of relieving 
the pressure on the back of the valve, he had not found any plan 
successful for that purpose. For moderate pressures he had found 
the most durable material for the valves was lignnm vitae working 
on brass faces; and he should be glad to hear the result of 
Mr. Brown’s experience in the working of valves under high 
pressures of water. Reference had been made to hydraulic riveting 
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with a view to show the relative economy of using hydraulic 
power instead of steam ; but he did not think that riveting afforded 
a t  all a parallel case, because with a steam riveter there was no 
expansive action of the steam, and in that exceptional instance 
therefore a good deal more steam was used than would really be 
necessary for performing an equivalent amount of mechanical work 
of a different description. 

Mr. BROWN said, in reference to the plan of loading the 
accumulator by steam pressure, he had found this to be decidedly 
more economical than a dead-weight accumulator ; and condensation 
of the steam might be entirely got ridof by well clothing the steam 
cylinder. The steam accumulator was free from the danger 
attending the sudden stoppage of a heavy descending weight, and 
consequently did not require the delicate safety valves which were 
necessary €or providing ' against that danger; and another 
important advantage was that the engines started to work much 
more easily, having no heavy weight to put into motion, and for the 
same reason they could also be worked morc expansively and 
therefore with greater economy. 

For the packing of the steam piston in the accumulator he had 
made many trials of metallic packing, but had not succeeded in 
getting it to answer, and had therefore been led to revert to 
hemp. Metallic packing would do well enough for quick-moving 
pistons, such as those of locomotive engines, because it was 
evident that the higher the speed of the piston the less need there 
was of any packing a t  all. Rut the steam piston of t,he accumulator 
was always on the move with a very slow motion and constantly 
nnder the full  pressure of the steam ; it  was necessary therefore 
that it should be made absolutely steam-tight, and hemp packing 
had been found the best for this purpose. He had adopted Tuck's 
packing, consisting simply of a roll of canvas carefully made up so 
as to be of uniform substance throughout its length. This 
packing lasted from twelve to fourteen months and remained 
perfectly steam-tight without requiring any attention ; in about 
that time it became worn ont, and had to be renewed. 
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He was still making trials of metallic packing, but was 
afraid it would not succeed; and he should be very glad of 
any information as to the pressure of steam under which a metallic- 
packed piston would remain perfectly steam-tight without any 
leakage. He did not think any new steam engine with metallic 
packing was ever steam-tight until it had run long enough for the 
cylinder to become glazed; this was the case with the cylinder of 
the steam accumulator after about a year’s work with the hemp 
packing, and there might be a better chance then of working with 
metallic packing, though he had not yet succeeded in accomplishing 
this. It was indeed most desirable to be able to use metallic 
packing for the steam accumulator, and this was almost the only 
thing required to render it satisfactory in every respect. 

For the packing of the stuffing-boxes of the rams and slide- 
valves of hydraulic machines he had found hemp to be the best 
material, and far superior to leathers, which he considered were 
most objectionable for hydraulic pnrposes, and should always be 
avoided if possible. Hemp was practically inde&ructibJe jn water, 
and with a sufficient quantity of hemp packing a stu5ng-box could 
be made perfectly water-tight under the highest pressures. This 
was the experience with Sir William Armstrong’s hydraulic hoists 
and accumulators; and in the steam accumulators the water 
stuffing-boxes of the rams had continued constantly in use without 
the hemp packing being touched for three years. That was longer 
than he had found any leathers stand under similar circumstances. 

The CHAIRMAN enquired whether it was common hemp that was 
used for the stuffing-boxes, and in what way it was applied. 

Mr. BROWN said it was common hemp, merely plaited very tight, 
and it seemed to be quite indestructible for hydraulic purposes. It 
formed so good a packing, that even when all the bolts in the gland 
of a stuffing-box were slacked back, the packing remained water- 
tight under the highest pressures, without any leakage whatever. 
Having originally used leathers, he had been led by experience to 
adopt hemp packing instead, because he had found that when a 
leather gave way it was necessary to take the machine to pieces, 
in order to get a new one on round the ram or  valve-spindle, 
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as there was no means of putting it on in separate rings; but 
hemp packing was applied round a ram or spindle in segmental 
rings with the greatest ease. 

With regard to the wear of the valves used in the hydraulic 
winch, it must be remembered that these were cylindrical balanced 
valves, and not uubalanced disc-valves; also they were made of 
specially hard metal, nearly as hard as steel, and were found to 
work with very little wear. 

The CHAIRMAN enquired whether it was gunmetal that the valves 
were made of; and whether phosphor bronze had been tried for the 
purpose. 

Mr. BROWN replied that the valves were made of a specially 
hard gunmetal; and he had found no difficulty with these valves 
when working under a pressure of as much as 700 lbs. per square 
inch. He  was however making some experiments now with 
phosphor bronze, with a view of finding something still better for 
higher pressures. The whole subject of the application of hydraulic 
power to the purposes referred to in the paper was as yet in its 
infancy, and no doubt the present plans would be greatly improved 
in the course of time ; the steps already taken he believed had thus 
far been in the right direction. I n  the arrangement of the 
hydraulic swinging jib it was true that the only new feature was the 
addition of the adjustable self-acting cut-off valve to the swinging 
motion ; but the important practical advantage thus gained was 
that the whole could now be worked by a common seaman or 
labourer, instead of requiring a superior attendant at higher wages. 
The object was to render the machines so far automatic that a, man 
of low skill could work them ; if this could be done, a great obstacle 
to the adoption of hydraulio power generally, and particularly 
in the case of machines working a t  high speed on board ship, 
would be got rid of. 

In reference to changing the throw of the crank pin in the 
hydraulic winch by the arrangement described in the paper, there 
was really no difficulty in accomplishing this at any time during the 
working of the winch; it was only necessary to  withdraw the locking 
bolts by the lever provided for the purpose, and allow the eccentric 
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discs to revolve to the required extent, and then let go the lever 
again, when the bolts would engage in a fresh hole. Of course if 
the man working the winch were unable to manage ao simplea 
matter as this, he would be equally incapable of working a common 
steam winch expansively by means of the link motion provided for 
the purpose; and in either case the economy arising from 
proportioning the 'expenditure of power to the work done would 
alike be lost. I n  many cases of discharging cargo however, as in 
the instance of discharging grain, the winch would have to be 
worked the whole day long without requiring any alteration in the 
power applied, as the load continued constant j the foreman could 
then adjust the winch to the proper power on commencing work in 
the morning, and it was seldom that there was such a miscellaneous 
cargo as really to require frequent changes in the degree of expansion 
of a steam winch or in the throw of the hydraulic winch. 

Mr. R. H. TWEDDELL observed, with regard t o  the use of leather 
packings for hydraulic machinery, he had himself had great trouble 
a t  first in using leathers for packing, and there was no doubt 
hydraulic power had been brought into disrepute more by the failure 
of the packing leathers than by anything else. With hemp 
packings however, when proper care was taken in shaping and 
fitting them, he had now got them working successfully under 
hydraulic pressures of from 1500 to 2000 lbs. per square inch; 
and stuffing-boxes packed with them kept tight even when the 
bolts of the gland were slacked back, as had been mentioned to be 
the case. With respect to the use of phosphor bronze for circular 
disc-valves, he had seen the hydraulic capstan employed by 
Mr. Webb, which was fitted with a circular disc-valve of that 
material; and after five months' constant work, even though the 
valve might be rather more worn at the outside than in the 
centre, it nevertheless still continued perfectly water-tight. 

The CHAIRMAN enquired what was the composition of the 
phosphor bronze employed in that case. 

Mr. F. W. WEBB replied that it appeared to be simply ordinary 
hard gunmetal with the addition of a small quantity of phosphorus ; 
and by analysis of some bushes made of this material he had 
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found the proportion of phosphorus was only from 0.17 to 
0.65 per cent. 

Mr. J. RAMSBOTTOAI enquired in reference to the steam reversing 
gear, what provision was made for the surplus water which in 
the upstroke was passed from the top to the bottom of the 
water cylinder, but for which there was not room below the water 
piston, owing to the piston rod taking up part of the space. 

Mr. BROWN replied that a small copper ball open to the 
atmosphere was provided as a reservoir of water, having a 
communication constantly open to the central space between the 
two halves of the double slide-valve in the valve-chest of the water 
cylinder ; the ball was consequently cut off from the cylinder when 
under pressure, by tbe closing of the valve. 

The CHAIRMAN observed that the very interesting paper which 
had been read showed the skill and perseverance with which the 
subject had been taken up and worked out, and the important 
advance which had already been made in adapting hydraulic power 
to a variety of most useful purposes. 

He moved a vote of thanks to Mr. Brown, which was passed, 
for his paper, and for the valuable results of practical experience 
which he had given. 

The Meeting then terminated. In the evening a number of the 
members dined together in celebration of the Twenty-seventh 
Anniversary of the Institution. 
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